A ge-related macular degeneration (AMD) is the leading cause of blindness in elderly, industrialized populations, 1, 2 and the development of intervention strategies will depend on an understanding of the early stages of the disease. It is important, therefore, to describe the evolution of the two deposits pathologically significant to AMD, basal laminar deposit (BLamD) and membranous debris, to understand better the threshold at which aging becomes AMD and to correlate their further accumulation with changes in fundus appearance and visual acuity, BLamD is found between the basement membrane of the RPE and its plasma membrane and consists of basement membrane proteins and long-spacing collagen. [3] [4] [5] BLamD was originally used as a histopathologic marker for AMD grading, 6 its thickness correlating well with the degree of RPE degeneration, photoreceptor fallout, and vision loss. Subsequent reports confirmed that BLamD was the most prevalent histopathologic finding in early AMD eyes. 7, 8 A late, amorphous form of BLamD has also been described and is associated with more severe RPE degeneration. 9 The routine availability of transmission electron microscopy (EM) allowed the identification of basal linear deposits (BLinD), a deposit situated between the RPE basement membrane and the inner collagenous zone of Bruch's membrane. 10 BLinD is composed primarily of membranous material and is specific for early AMD. 11 In addition to forming this diffuse layer, the membranes may also be found in focal aggregations (i.e., as basal mounds between the RPE basement membrane and its plasma membrane) 9 and as soft drusen external to the basement membrane resulting from the buildup of BLinD. 7, 10 The basal deposits are not directly visible on funduscopy, and hence their relationship to the clinical evolution of AMD is not well documented. The present study reviews a clinicopathologic series of 132 eyes in which diffuse basal deposits had been identified previously. 6 Although membranous debris in the BLinD can be demonstrated only by EM, the focal basal mounds and soft drusen can be identified by light microscopy, so that the respective influence each exerts on the progress of degeneration can also be assessed in histologic specimens. The type and thickness of BLamD are correlated with the sites of membranous debris accumulation and with the clinical findings. The threshold at which aging becomes early AMD is discussed.
METHODS

Patients and Eyes
In earlier studies a large clinicopathologic collection of aged eyes had been divided into histopathologic groups according to the appearance of the BLamD under the macula. 6 Briefly, eyes with no BLamD (group I) and patchy BLamD (group II) were considered normal. The eyes chosen for the present study were those with a thin (group III) or thick (group IV) continuous layer of BLamD, considered to represent the pathologic changes preceding advanced AMD (groups V and VI). A total of 132 eyes belonging to 75 patients (69 men and 6 women) aged 67 to 97 years at death (mean, 82 Ϯ 8 years) met the inclusion criteria (Table 1 ).
All the patients had been examined clinically by one of us (SS), with follow-up ranging from 0 to 120 months (mean, 24 Ϯ 32 months). Examination included best corrected visual acuity, direct funduscopy, and, unless unobtainable, fundus photography with a 30°fundus camera (Carl Zeiss Meditec, Inc., Dublin, CA). Fluorescein angiography was performed when appropriate. Eyes in which the fundus could not be adequately visualized or those that demonstrated other disease were excluded. The last examination ranged from 2 weeks to 75 months before death (mean, 19 Ϯ17 months).
The study was conducted in keeping with the tenets of the Declaration of Helsinki and approved by the University of New South Wales Human Research Ethics Committee. Written consent was obtained from all patients.
Histopathologic Methods and Definitions
Eyes were either paraffin embedded for light microscopy (n ϭ 107) or fixed for electron microscopy (n ϭ 25) according to previously reported procedures. 6, 10 For histopathology, serial sections 8 m thick were cut horizontally through the disc and macula, and every 10th section was stained and examined. Three sections closest to the center of the fovea and 80 m apart were examined with a microscope (Dialux; Leitz, Wetzlar, Germany). Objectives used were the APO 25ϫ (NA ϭ 0.65) and PL APO 40ϫ (NA ϭ 0.75). The microscope was calibrated by using a standard 0.01-mm objective micrometer graticule (Olympus, Tokyo, Japan), and measurements were obtained with an eyepiece graticule, one division equaling 2.8 m with the 40ϫ objective and 4.5 m with the 25ϫ objective.
Histologically, BLamD was distinguished most readily with the picroMallory staining method, with which the early type showed faint anteroposterior striations and stained blue and the later type was hyalinized and stained red. BLamD was then graded according to two parameters: thickness and staining characteristics. Maximum BLamD thickness was recorded as thin if it was up to half the height of the normal RPE (Յ7 m) and thick if greater (Ͼ7 m).
12 BLamD staining was graded in the following degrees of progression: (1) blue-staining early type only (Fig. 1A) ; (2) patchy late BLamD appearing either as small, rounded inclusions approximately 4 m in diameter lying within the early BLamD (Fig. 1C) or as larger nodular elevations occurring singly or in rows on the internal surface of the early BLamD, each nodule being overlain by a single RPE cell (Fig. 1D) ; (3) continuous late BLamD comprising segments Ն250 m in length (Figs. 2B, 2C ). On EM the earliest form of BLamD was fibrillar and was continuous with the original basement membrane of the RPE, but the predominant constituent of early BLamD was the banded form. This consists primarily of long-spacing collagen (Fig. 1B) accounting for the striations seen on light microscopy. Late BLamD had a more condensed structure and appeared to be produced in waves as the overlying RPE retracted (Fig. 2C, inset) .
Membranous debris was defined on EM as coiled membranes with a trilaminar appearance (Fig. 3) and was assessed by EM in 25 eyes (18 patients, mean age, 79 Ϯ 7.14 years). The membranes often had a vesicular outline and may have contained lipids lost during processing, 13 so that the term "membranous" is used herein as an ultrastructural description only. BLinD was defined as a layer of this membranous debris lying between the RPE basement membrane and the inner collagenous zone of Bruch's membrane. 7, 10, 11 The maximum number of layers of BLinD were recorded for each eye examined by EM. Basal mounds (Fig. 4) were defined on EM as pockets of membranous debris 11 lying internal to the RPE basement membrane and early BLamD. In histologic sections, they appeared a washed-out, pale blue with picro-Mallory staining, were at least half the height of an RPE cell, and were mostly one to two RPE cells wide. For each eye, the maximum number of mounds in any one of the three sections through the macula was recorded.
Soft drusen were defined as focal accumulations of the BLinD with sloping margins measuring over half the height of the normal RPE, up to 350 m wide when confluent (Fig. 5) , and up to 500 m wide in two cases with drusenoid detachment. Like basal mounds they stain blue with the picro-Mallory method, but unlike basal mounds, soft drusen lay below the RPE basement membrane. Drusen contents were recorded as predominantly membranous or predominantly granular, those with granular contents being regarded as regressing.
Hard drusen (or nodular drusen 7 ) had a globular, hyalinized appearance and stained red with the picro-Mallory method. A few hard drusen are not considered part of AMD. One to two per section were seen in 85 study eyes.
Histologic abnormalities of the RPE at the macula were graded as mild, moderate, or severe depending on the degree of irregularity, hypertrophy, and hyperpigmentation, or attenuation. 
Clinical Parameters
The best corrected visual acuity was converted to logMar (logarithm of the minimum angle of resolution) for statistical purposes. The funduscopic appearance of the macula was graded as: (1) 
Statistical Methods
Statistical analyses were performed on computer (SPSS for Windows, ver. 12.0.1; SPSS, Chicago, IL). Contingency tables of histologic versus clinical parameters were evaluated by the 2 test. Comparison of mean age and visual acuities was evaluated by Student's t-test. Correlations between BLamD type, BLamD thickness, and histopathologic RPE abnormalities were performed by using Spearman's correlation for nonparametric data. P Յ 0.05 was considered statistically significant.
RESULTS
The clinical and histopathologic features of the study eyes are summarized in Table 1 .
BLamD and RPE Changes
The RPE was not normal, even in eyes in which BLamD was exclusively of the early type, exhibiting a loss of uniformity and increase in pigmentation (Fig. 1A) . However, it was the amount of late-type BLamD that correlated positively with increasingly severe histologic RPE abnormalities (r ϭ 0.435, P Ͻ 0.001), first appearing as patchy late BLamD in the form of inclusions (Fig. 1C ) and then nodules (or nodular excrescences 14 ; Fig.  1D ). In the presence of severe RPE abnormality, late BLamD formed an unbroken layer exceeding 250 m in length (Figs. 2B, 2C) -termed continuous late BLamD herein and also described as diffuse thickening of the internal aspect of Bruch's membrane. 15 The late form always lay on or near the internal aspect of the early type, closest to the base of the retracting RPE.
BLamD in group III eyes formed a thin layer, ranging in thickness from 1.0 to 7.0 m (3.2 Ϯ 1.6 m) and in 66 of 95 eyes (69%), was exclusively of the early type. Patchy, late BLamD was present in the remaining 29 group III eyes (31%). By contrast, continuous late BLamD was found in all 37 group IV eyes (100%) and ranged in thickness from 8 to 25 m (10.7 Ϯ 4.2). Overall, there was a strong positive correlation between BLamD thickness and the proportion of late type BLamD (r ϭ 0.650, P Ͻ 0.001; Table 2 ).
BLamD: Clinical Correlations
Clinically, 41 (62%) of 66 eyes with early BLamD had a normal fundus at the last clinical examination. Eyes with early BLamD alone were 10.4 times (95% CI, 4.4 -24.6, P Ͻ 0.001) more likely to have a normal fundus than were eyes showing any late BLamD, clinical pigment changes being present in all those in which late BLamD was continuous. Only 10 eyes had clinical pigment changes without evidence of late BLamD, and 4 of these eyes were subsequently reclassified as adult vitelliform lesions. Increasing formation of late BLamD was associated with poorer vision, the mean logMar visual acuity for eyes with continuous late BLamD being 0.335 units worse than the other eyes (95% CI, 0.194 -0.477, P Ͻ 0.001). Continuous late BLamD also occurred in eyes that were on average 3 years older (95% CI, 0.3-6 years, P ϭ 0.013) than eyes with early BLamD (Table 2 ). 
Membranous Debris: Localization and Correlation with BLamD
Coiled membrane fragments were found at several levels reflecting their presumed transit: blebbing from the basolateral RPE surface, scattered within early BLamD, traversing the RPE basement membrane to form BLinD, and in the inner and outer collagenous layers of Bruch's membrane (Fig. 1B) . BLinD was present in all eyes examined by EM and ranged from 2 to 11 layers in thickness. A greater quantity of debris formed basal mounds and soft drusen. Because basal mounds were found only in the presence of BLinD and because they can be recognized in histologic sections, the mounds were considered a surrogate marker for the presence of BLinD at the light microscopic level. Membranous debris accumulation was limited to basal mounds in 44 eyes, whereas in 50 eyes, it extended to soft drusen formation. Although basal mounds were seen in the absence of soft drusen, soft drusen never occurred in the absence of basal mounds.
Basal mounds increased in number as early-type BLamD thickened, but then plateaued with the formation of late BLamD. On EM there was also loss of some of their membra- 
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Membranous Debris: Clinical Correlations
Although soft drusen as small as 20 m were found histopathologically, they never occurred in the absence of larger drusen visible clinically. Thus, histopathologically detected soft drusen correlated very well with clinically observed intermediate and large drusen (r ϭ 0.953, P Ͻ 0.001). In four eyes of two patients with normal fundi, intermediate-sized drusen were found on histologic examination. However, the interval between last examination and death was 5 and 3 years in these cases. There were also five eyes from three patients with multiple small drusen clinically, that were found to be soft drusen on histopathology.
In group III, the fundus appeared normal in 28 (74%) of 38 eyes in which membranous debris was limited to BLinD, confirming that BLinD in conjunction with early BLamD represents threshold AMD. Basal mounds did not appear until early BLamD had thickened sufficiently, indicating that membranous debris and early BLamD continue to develop together. However, in 18 (75%) of 24 of group III eyes with basal mounds alone, the fundus remained normal, and it was not until patchy late BLamD appeared that most of the fundi exhibited abnormality.
In group IV, all eyes had continuous late BLamD, and there was little further increase in membranous debris. In eyes in which the debris remained confined to basal mounds the mean segment length of late-continuous BLamD was 413 m longer (95% CI, 87-740 m, P ϭ 0.015) than eyes with soft drusen. These eyes belonged to patients 6 years older (95% CI, 2-9 years, P Ͻ 0.001), and visual acuity was 0.402 logMar units worse (95% CI, 0.167-0.637, P Ͻ 0.001). Table 3 summarizes the clinical findings of eyes in groups III and IV according to the amount of membranous debris present. 
DISCUSSION
Zarbin 16 proposed that the biological changes associated with tissue aging, while present in AMD eyes, do not inevitably lead to AMD. The present study was undertaken to trace the evolution of BLamD and membranous debris, which have no counterpart in earlier life, to determine their relationship to aging and AMD.
We found that the first appearance of BLinD coincides with a continuous layer of early BLamD. Because membranous debris is not found in eyes without BLamD (group I) and occurs only as occasional, isolated fragments in eyes with patchy BLamD (group II), 17 the presence of both BLinD and continuous early BLamD represents threshold early AMD and can be considered a continuum of normal aging. Also described as having "incipient AMD," 11, 18 most of these eyes were confirmed by us to have a normal fundus and good vision.
The appearance of late BLamD signals severe RPE abnormality and corresponds to clinical pigment changes. Once produced, BLamD is remarkably resilient, persisting even in areas of geographic atrophy and in disciform scars. 9 BLamD is not lost during processing, remaining detectable using routine hematoxylin and eosin (H&E) and periodic acid-Schiff (PAS) staining and, although not specific for AMD, it is found in all eyes with the disease. These properties make it a useful and reliable histopathologic marker for AMD. In terms of the disease process, however, BLamD appears inert. Rather, it is the degree of membranous debris accumulation that appears to influence the course of disease. In the present study, the number of basal mounds increased as BLamD progressively thickened but, once RPE cells lost their ability to support the overlying photoreceptors, membrane production ceased. This was heralded by the appearance of continuous late BLamD and a loss of the membranous contents of the mounds. Soft drusen likewise became less membranous and more granular, interpreted as the onset of drusen regression.
However, in some eyes membranous debris production did not progress beyond the formation of basal mounds. Even in the ninth decade, these eyes showed no histopathologic evidence of soft drusen, instead developing pigment changes associated with poor vision. Continuous late BLamD was always present in these eyes and in longer segments than in eyes with soft drusen, suggesting longstanding RPE dysfunction. By contrast, soft drusen sometimes occurred in relatively young eyes with good vision, before the appearance of continuous late BLamD. Clinically, intermediate and large drusen are known to increase in size, number, and confluence comparatively rapidly, 19 implying a rapid outpouring of membranes. However, the resultant thickening of BLinD is not uniform, causing it to develop undulations, the larger of which become visible as soft drusen (Fig. 4) . In these eyes, soft drusen do not appear to develop from an earlier stage when only basal mounds are present, i.e., soft drusen and basal mounds appear concurrently.
Epidemiologic data support the concept of two pathways leading to the development of advanced AMD, depending on the amount of accumulated membranous debris. Eyes with a large amount of membranous debris, in the form of large drusen, are at highest risk of developing advanced AMD over a 5-or 10-year period, 20, 21 particularly the blinding effects of CNV. [22] [23] [24] [25] Eyes with pigment changes alone are at lower risk of developing advanced AMD over the same period, 20, 21 consistent with an alternate and slower course of disease.
This clinicopathologic study represents an overview of the basal deposits in the evolution of AMD, but makes no attempt to correlate with the clinical fundus grades or severity scales used in recent epidemiologic studies. It has two obvious limitations: first, the sometimes long interval between the last examination and death, with drusen a particular concern since 13 It should thus be emphasized that the terms BLinD, basal mounds, and soft drusen are pathologic descriptors of membranous debris locations, and that the biochemical nature of this material has not been completely defined.
BLamD and membranous debris may be products of two distinct cell survival strategies of RPE under stress. Early BLamD can be thought of as excess basement membrane secreted by the RPE, a common strategy used by cells attempting to recover from injury, allowing them to remain attached to a tissue's "scaffolding." As BLamD thickens, it progressively separates the basal RPE surface from its original basement membrane and choroidal blood supply, exacerbating the metabolic insufficiency caused by decreasing the permeability of Bruch's membrane. 26 -29 The production of late-type BLamD signals a critical point in RPE damage at which the secreted basement membrane material becomes more condensed and, once this forms continuous segments, the RPE cells become hyperpigmented, enlarge, lose their microvilli, and round off. These phenotypic changes are initially accompanied by expression of the cytoskeletal protein vimentin. 30 The RPE at this stage is severely compromised and can no longer support the photoreceptors. Eventually, affected RPE cells lose their anchoring to both the basement membrane and to adjacent cells and are shed into the subretinal space. 31 The production of membranous debris, in contrast, may reflect another survival mechanism adopted by RPE under stress. Ultrastructurally, the earliest membranes appear to bleb from the basolateral surface of the RPE. Nonapoptotic membrane blebbing has been observed in cultured RPE cells subjected to oxidative stress 32 and is considered a nonspecific cellular response to ischemic, oxidative, or other injury which allows the expulsion of damaged cellular constituents. 33, 34 Other studies show that membranous debris contains solid lipid particles, 13 and that dysregulated lipid trafficking by abnormal RPE may also contribute to its formation. 35, 36 Because the appearance of BLinD coincides with a continuous layer of early BLamD, a threshold level of RPE injury (perhaps ischemic) may trigger the production of membranous debris.
In summary, late BLamD occurs in eyes with clinical pigment changes and indicates a severely compromised RPE. It is membranous debris, however, that appears to influence the course of the disease (Table 4) . Eyes in which membranous debris accumulation is limited to basal mounds present with pigment abnormalities alone. These eyes eventually develop "primary" or "drusen-unrelated" 9,31 geographic atrophy. If there is a more rapid accumulation of debris, early AMD presents with intermediate or large drusen, is at greater risk of CNV [22] [23] [24] [25] and earlier vision loss, and eventually progresses to "drusen-related" geographic atrophy. 31 These two pathways share a common threshold stage when both BLinD and a continuous layer of early BLamD are present (Fig. 6) . However, since most of these eyes are normal in fundus appearance and visual acuity, identifying at-risk eyes must rely on more sophisticated clinical tests, possibly combined with genetic screening.
